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The objective of this study was to compare the results of oxygen desaturations and sleep apnoea during a daytime 
nap (D) versus nocturnal sleep (N) evaluation, recorded by a portable multichannel monitoring device in patients 
with a clinical suspicion of obstructive sleep apnoea (OSA). 
Two polysomnographic studies were performed, by means of the Healthdyne NightWatch System, in 82 subjects 
(mean age 57.9 years). No difference was found in the apnoea+hypopnoea index (AHI) and mean SaO, between D 
and N recordings. At an AH1 threshold of 20, in the D recordings, compared to the N ones, the sensitivity was 91% 
and the specificity 100%. A good correlation was found for AH1 and oxygen desaturation index (ODI) between the 
two experimental conditions (rz0.89 and 0.79, respectively). 
Our study shows that D recordings seem to be accurate for OSA diagnosis in the majority of patients with a 
clinical suspicion of sleep apnoea syndrome. 
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Introduction 
Obstructive sleep apnoea (OSA) is a common sleep disorder 
associated with considerable morbidity and with significant 
mortality. The first epidemiological studies conducted in 
small male samples, showed that the prevalence of OSA in 
the adult male population was l-3% (1,2), but recent 
studies in larger samples indicate a higher prevalence of this 
syndrome (3,4). To date, most diagnostic evaluations of 
potential OSA patients include an in-laboratory polysom- 
nography. Since polysomnography is an effort- and time- 
intensive procedure, other methods have been proposed to 
either screen or diagnose OSA patients. These devices 
include portable multichannel recording systems that moni- 
tor sleep and breathing (5), activity (6), pulse oximetry (7) 
or electrocardiography (8). Other options include split- 
night polysomnography (9) or daytime naps with a length 
from 90 min to several hours (10-12). A daytime nap study 
seems to be useful for the diagnosis of OSA in the case of 
‘natural’ sleep (12,13), but not in the case of diurnal sleep 
after sleep deprivation (14,15). 
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In the present study, performed on patients with a clinical 
suspicion of OSA, we compared the diurnal versus noctur- 
nal evaluation of sleep apnoeaslhypopnoeas and oxygen 
desaturations recorded by a portable device in order to 
determine whether diurnal studies are useful in OSA diag- 
nosis. We utilized the Healthdyne NightWatch (NW) Sys- 
tem since a validation study recently compared NW results 
with full-nocturnal polysomnography and showed that NW 
provides a valid and highly reproducible index for OSA 
assessment (16). 
Patients and Methods 
Consecutive patients were selected on the basis of a clinical 
interview with a sleep specialist. A questionnaire was 
administered to all patients, including questions on daytime 
sleepiness and snoring. Only patients with a clinical sus- 
picion of OSA were enrolled in the study. Eighty-two 
patients (54 men and 28 women) were included in the study. 
They met the following criteria: habitual (every night) 
snoring for at least 3 yr plus apnoeic pauses during sleep 
reported by the partner, and/or subjective daytime sleepi- 
ness. Moreover, another inclusion criterion was sleep length 
during the diurnal (D) and nocturnal (N) recordings of at 
least 150 and 300 min, respectively. None of the patients 
had ever had a sleep study before. All the included patients 
signed informed consent before entering the study, which 
was approved by the ethical committee of the hospital. 
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D and N sleep studies were performed randomly in the 
Department of Pulmonary Medicine of L. Sacco Hospital, 
and with a minimal interval of 36 h between the end of one 
study and the beginning of the other. The D study, without 
sleep deprivation or use of medication, began immediately 
after lunch (around 1.30 p.m.); the N study began at 
approximately 10 p.m. 
The same biological parameters were recorded during D 
and N studies by the NW System. The NW System records 
the following signals on a compact solid state memory with 
a sampling and storage rate of 4 Hz for each signal: eye 
movement (one channel, piezo electrode), leg movement 
(one channel, piezo-electric sensor), arterial oxygen satu- 
ration (finger-probe oximeter), nasal-oral airflow (thermis- 
tor), chest and abdominal effort (piezo transducers), body 
position (mercury sensor placed on the chest) and heart rate 
(three-lead electrodes). The NW System is equipped with 
personal IBM-compatible software and an analysis package 
software which automatically estimates sleep/wake time 
and analyses respiratory abnormalities. A ‘blind’ physician 
sets all scoring parameters and then allows the computer to 
score the records automatically: the same system constants 
were used for all patients. Once the computer analysis was 
completed, the same physician subsequently reviewed the 
entire record, visualizing the raw data in 60-s epochs, in 
order to confirm the automatic analysis of the computer. 
Errors, when identified, were corrected. The new results 
were then mathematically tabulated by the computer. 
The NW System estimates sleep using the following 
general algorithm: eye movement + body movement = 
wakefulness; no eye movement or body movement=non- 
rapid eye movement (NREM) sleep; eye movement +no 
body movement=rapid eye movement (REM) sleep (16). 
Apnoeas were defined as at least 10-s pauses in respiration: 
they were classified as central if there was no associated 
effort, obstructive if there was an absence of flow with 
persistent effort, and as mixed if a central respiratory pause 
was followed by an obstruction. Hypopnoeas were defined 
as a decrease in airflow >50% associated with either an 
arousal from sleep at the end of the event or fall in arterial 
oxygen saturation by 4% from a previous baseline. Arousal 
was defined as 5-s leg or eye movement associated with an 
increase in heart rate (16). Finally, arterial oxygen satura- 
tion was recorded continuously on NW. The mean and 
the lowest oxygen saturation values during sleep were 
determined by the computer. 
Comparisons between D and N recordings were per- 
formed, focusing on the following variables: minimal 
SaO, value (arterial oxygen saturation), the number 
of desaturationslh - ’ of sleep 24% (ODI), apnoea/ 
hypopnoea index (AHI, the number of apnoeas plus 
hypopnoeas/h - ’ of sleep). 
STATISTICS 
The significance of difference between mean values of 
calculated parameters of D and N recordings was assessed 
using paired Student’s t-test. Concerning the percentage of 
sleep time spent at different SaOz intervals: as observations 
are proportions, angular transformation was performed. 
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TABLE 1. Respiratory data 
Parameters D recording N recording P 
AH1 
ODI 
Min SaO, 
SaO, levels: 
290 
89-80 
79-70 
69-60 
59-50 
17.5 (24.3) 
24.3 (11.0) 
81.3 (8.9) 
71.5 (168) 
24.5 (10.7) 
3.0 (2.1) 
1.0 (0.9) 
0 
19.4 (22.3) 
22.6 (13.0) 
74.9 (11.2) 
67.0 (18.1) 
27.0 (11.3) 
4.5 (2.2) 
1.0 (1.2) 
0.5 (0.7) 
n.s. 
n.s. 
0.001 
n.s. 
ns. 
n.s. 
ns. 
n.s. 
Values are mean (SD); n.s.=not significant. 
D = diurnal recording; Nznocturnal recording; AHI= 
(apnoea+ hypopnoea) index; ODI = oxygen desaturationsl 
h- ’ of sleep (desaturations ~4%); SaO, levels= distribu- 
tion of sleep time (%) spent at different SaO, levels. 
We calculated within patients the difference between D and 
N recordings of the time proportion for different SaO, 
levels (‘90, 89-80, 79-70, 69-60, 59-50). The relationship 
between this difference and the different levels of SaO, was 
evaluated by both linear regression analysis and orthogonal 
comparisons. Correlations between respiratory events AH1 
and SaO, for both D and N recordings were calculated by 
linear regression analysis. A P value below 0.05 was 
considered as statistically significant in all tests. 
Moreover, specificity, sensitivity and predictive value 
were calculated for AH1 and ODI in the D recordings 
compared to the N ones. Each patient was included in one 
of the following categories: (a) ‘true negative’=patient with 
normal respiratory data in both D and N recordings; (b) 
‘true positive’=patient with abnormal respiratory data in 
both D and N recordings; (c) ‘false positive’=patient with 
abnormal respiratory data only in the D recording; (d) 
‘false negative’=patient with abnormal respiratory data 
only in the N recording. 
Results 
The mean age of the patients was 57.9 years (SD= 12.7) and 
the mean body mass index (BMI) was 32.2 (~~=8.4). The 
mean sleep time was 200 min (SD= 13) in the D recording 
and 383 min (SD = 79) in the N one. No difference was found 
in the sleep time spent in supine position between D and N 
recordings (mean percentage=71.6 [SD=35.4] and 68.5 
[s~=25.3], respectively, P=O.52). 
During the N recordings, 33 patients had an AH1 >20, 
eight had an AH1 between 10 and 20, and 41 had an 
AH1 110. 
No difference was found in mean AH1 and ODI between 
D and N recordings (Table l), or in the percentage of sleep 
time spent at different SaO, levels. 
Since different pathological thresholds of AH1 have been 
reported in the literature (17-20), three thresholds (AH1 
>lO, >15, >20) were considered in our study in order to 
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TABLE 2. Sensitivity, specificity, PPV (positive predictive 
value) and NPV (negative predictive value) of respiratory 
indexes at different thresholds 
Parameters 
Sensitivity Specificity PPV NPV 
(%I cm (%I (%I 
AHI >20 
AHI >15 
AH1 >lO 
ODI ~20 
ODI >15 
ODI >lO 
AHI >20 
and 
ODI >20 
91 100 100 94 
86 100 100 90 
76 85 84 78 
50 76 67 62 
52 67 73 44 
62 76 91 34 
87 100 100 97 
AH1 >15 
and 
ODI >15 
92 100 100 95 
AH1 >lO 
and 
ODI >lO 
90 100 100 86 
determine specificity, sensitivity and predictive values of D 
respiratory data in comparison to N data (Table 2). At an 
AH1 threshold of 10, the sensitivity was 76%, the specificity 
85%, the positive predictive value (PPV) 84% and the 
negative predictive value (NPV) was 78%. All values 
increased with higher AH1 thresholds. At an AH1 threshold 
of 20, the sensitivity was 91%, specificity 100%, PPV 100% 
and NPV 94%. On the other hand, an increase in sensitivity 
and PPV and a decreased NPV was observed when consid- 
ering an ODI threshold of 20 in comparison to lower 
thresholds. 
No increase in sensitivity and specificity was observed 
when we considered AH1 >20 together with ODI >20 
thresholds in comparison to AH1 >20 alone. 
A good correlation was found for AH1 (Fig. 1) and mean 
SaO, (Fig. 2) between the D and N recordings of all 
subjects (r=0.89 and O-79, respectively). 
However, only in the subgroup of patients with an AH1 
between 10 and 20 was no significant correlation found 
between D and N results. In this subgroup, the percentage 
of REM sleep in D recordings ‘was significantly lower in 
comparison to N recordings (5.7 + 5.0 vs. 12.0 Z!C 6.0, 
P=O.OOS) while no difference was found in patients with 
AH1 ~10 (10.7 & 7.0 vs. 12.6 & 8.0) and in patients with 
AH1 >20 (11.3 * 7.0 vs. 13.0 f 8.0). 
Discussion 
This study was designed to assess the diagnostic accuracy of 
the NightWatch (NW) diurnal sleep evaluation when com- 
pared to NW nocturnal sleep evaluation, in patients with a 
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FIG. 1. Relationship between AH1 measured during 
diurnal versus nocturnal recordings. n=82. There may be 
an overlap between patients, i.e. one data point may 
represent more than one patient. 
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FIG. 2. Relationship between SaO, measured during 
diurnal versus nocturnal recordings. n=82. There may 
be an overlap between patients, i.e. one data point may 
represent more than one patient. 
clinical suspicion of OSA. Our results demonstrated that 
diurnal sleep recordings are accurate for the diagnosis of 
OSA. Previous studies evaluated the validity of diurnal 
[recordings by means of traditional polysomnography in the 
sleep laboratory. Silvestri et al. (11) concluded that diurnal 
recordings are often inadequate for evaluating OSA. How- 
ever, in that study the diurnal, recording immediately 
followed the nocturnal one; this sequence may have 
influenced their results because AH1 may increase after one 
night of recording (21). The design of our study (D and N 
studies that have been done in random order) limited the 
potential effects of repetitive sleep studies on the OSA 
characteristics (22). The results of previous studies 
(10,11,22) might be also influenced by the short duration of 
diurnal recordings because it is known that AH1 increases 
with increase in sleep duration (12). A 90-min sleep moni- 
toring was evaluated in the study by Silvestri et al. (11). van 
Keimpema et al. (23) concluded that one-hour diurnal 
recording is not sufficient for a definitive diagnosis or 
exclusion of OSA. 
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Other than the length of the D recording, another crucial 
point is represented by the evaluation after sleep depriva- 
tion. It has been demonstrated that there is a significant 
increase in AH1 in D study after sleep deprivation in 
comparison to conventional nocturnal study (15). 
In our study, the D evaluation was without previous 
sleep deprivation and the mean diurnal sleep duration was 
200 min. A significant correlation was found for AH1 
between D and N recordings (r=0.89). The lack of a 
significant correlation for AH1 in our patients with AH1 
between 10 and 20 may be explained by their short REM 
sleep period during D recordings. In fact, it is known that in 
mild-moderate OSA, apnoeas are found mainly during 
REM sleep (24), and thus, a short REM sleep period during 
D recordings may explain an underestimation of AHI. 
Interestingly, the mean body mass index of our patients 
with AH1 between 10 and 20 was lower (27.7 f 7.0) than in 
patients with AH1 ~10 (30.0 & 7.3) and in patients with 
AH1 >20 (36.8 & 9.0). Because the less severe sleep apnoeas 
are often observed in non-obese patients, some authors (12) 
hypothesized that D recordings may not be as valid as 
NPSG in moderately or not overweight patients. Our 
results seem to confirm this hypothesis. 
We conclude that D recordings are accurate for the 
diagnosis of OSA in the majority of clinically suspected 
OSA. This finding is in agreement with Series et al. (12). 
However, the absence or the short duration of REM sleep 
during D recordings might influence the results obtained in 
the daytime studies. According to the American Thoracic 
Society Consensus Conference on indications and stan- 
dards for cardiopulmonary sleep studies (25) nap record- 
ings of 24 h duration may be used to confirm the diagnosis 
of sleep apnoea. In any case, D recordings are less time- 
consuming and more cost-efficient than nocturnal polysom- 
nography and could be used as the initial screening 
evaluation of sleep-related breathing disorders (13). The use 
of a validated portable device for both D and N recordings 
may permit us to evaluate a larger number of subjects. D 
recordings, however, should be limited to patients with 
excessive day-time sleepiness. Our study indicates that 
daytime nap studies are a reliable method for identifying 
patients with AHI greater than 20. This cut-off value is 
considered significant enough to establish treatment when 
clinically indicated, and it has been shown to be relevant in 
mortality diagnosis (26). In the other cases, and particularly 
when D studies show AH1 between 10 and 20, a more 
accurate identification of OSA severity is needed by either 
N study or standard nocturnal polysomnography. 
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